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Introduction
With the improvement of medical standards, a variety of different types of medicinal microbes flooded in the domestic pharmaceutical market. Due to the uneven quality of pharmaceutical products, many low-quality medicinal microbes contain harmful toxic ingredients to human beings and they may have a long incubation period which is difficult to be discovered by people. The clinical manifestations of medicinal side effects caused by microbes are complex in recent years. The viral infections due to the abuse of medicinal microbes are increasing greatly with high degree of infection and it seriously threat humans' health. Currently, the main diagnosis methods by using patients' serological to test the toxicity of medicinal microbes in the clinical practices are enzyme-linked immunosorbent assay (ELISA), fluorescent spirochetes absorption test (FTA), medicinal microbial toxicity spirochetes hemagglutination test (TPHA) and so on. However, these methods are very complex with low sensitivity and accuracy [1] [2] [3] . Therefore, to establish a good method with high sensitivity and accuracy is important for clinical testing of medicinal microbial toxicity.
The magnetic particle chemiluminescent combines the nanotechnology and chemiluminescence technologies, which generates the chemical magnetic enzyme immunoassay method (Magnetic Enzyme Chemiluminescence Immunoassay, MECLIA). The method integrates the immunological methods, magnetic separation technology and chemiluminescent detection technology which can simplify the complex process of antibody cover for simple operation and time saving. The experiments in this paper use human-made magnetic particles as carriers [4] [5] [6] and combine the chemiluminescence detection system to establish the magnetic particle chemiluminescent detection methods for detecting the microbial toxicity of medicinal antibodies. The technique has advantages of high sensitivity, high specificity, rapid detection and no radioactive contamination, which can provide timely and accurate test results in real time that can provide basis for medicinal microbial toxicity.
Therefore, under the grim situations of increasing medicinal microbial infection, to accurately detect the medicinal microbial toxicity is the only effective way to deal with medicinal microbes poisoning and diseases. This paper proposes a tiny chemiluminescent fungal medicinal microbes' toxicity spectrum curves analysis method based on magnetic particles which applies the light-emitting principles to detect the medicinal microbial toxicity. In the chemical experiments, the magnetic particles reactions are used to form stable detection matters in order to achieve stable chemical detection performance.
Experiments

The reagents and instruments
The following reagents and instruments are used in the experiments: Fe 2 (SO 4 ) 3 
Preparation of Fe 3 O 4 particles and silane-modified surface
The experiment uses chemical co-precipitation method to synthesize Fe 3 O 4 particles which mixes the divalent and trivalent iron salt solution according to the proportions and then alkaline precipitating agent is added to the mixed solution of iron salt. With continuously stirring, the nano-level Fe 3 O 4 particles can be obtained after a period of reaction.
The total reaction is:
)：n (OH -)=1：2：8(Molar ratio) The 10mL of nano-Fe 3 O 4 magnetic particles are taken. 90mL of mixed solvent with 1:1 proportion of water and ethanol is placed in the 250mL round bottom flask. After shaking, 500μL ammonia and 300μL silane reagent are added. At 60℃ with continuously filling nitrogen, the solvent are stirring for 6h with 500 r/min. After the complete reaction, the magnetic particles are separated which are washed repeatedly with water and ethanol until the solution is no longer yellow and there is no more ulfhydryl silylating agent (adding a little 5, 5'-dithiobis (2-nitrophenyl formic acid)). The anhydrous ethanol is used to finalize and the solids contents are measured.
Synthesis of the colloidal gold
The colloidal gold is reduced and precipitated nano-sized gold particles by chloroauric acid (HAuCl 4 ) with the effects of the reductant, such as white phosphorus, ascorbic acid, and sodium citrate, which can form negative hydrophobic gum solution. According to the synthesis method reported in Frens, the trisodium aqueous solution with smaller scale of nano-gold particles can be synthesized. The 200 mL of 0.01% aqueous solution is filled in the four-necked flask to shake at 500r/min and pre-heated in 5 minutes. The appropriate amount of 1% sodium citrate solution is added until the solution color doesn't change any more. The solution is cooled to room temperature and reflow for 15min. The colloidal gold particles with size of 15 ~ 20 nm can be obtained and they are orange-red which are placed in a brown bottle and stored at 4℃.
Preparation of TP mixed antigen magnetic particles
The 0.4 mL of golden magnetic particles in the centrifuge tube are magnetically separated. The 0.5 mL of coupling buffer solution (20 mmol / L, pH7.4) is used for wash twice in order to balance pH. The magnetic particles are separation and the supernatant is discarded. The 0.05~0.5μg/μL antigen solution is added in the magnetic particles and placed in the shaker by 200rpm and react for 30 min at 37℃. The magnetic is separated and the coated particles are repeatedly washed with coupling buffer solution with antigen. Some blocking solution is added into the incubation oscillator and reacted (200rpm / min, 37 ℃, 1h) in order to isolate the magnetic particles. PBST is used to wash for 3 times and finally the particles are stored in 1 mL of PBS and they are mixed evenly for future use.
2.5 Formation of the TP magnetic particle chemiluminescent detection 30μL TP antigen-coated magnetic particles, 50 pL negative/positive serum and HRP labeled antigen are added into the reaction tube. They are placed in the constant temperature oscillator and shake in 30 min at 37℃. The reaction tubes are took out and the magnetic is separated. The supernatant is discarded. 500μL of PBST is used to repeatedly wash for six times. The magnetic is separated again and the supernatant is discarded. 10μL of PBS is added. The samples in each tube are moved to the corresponding specific chemiluminescence 96-hole plate. 20μL of 0.05% Tween-20, Luminol, H2O2, and PIP are added to the samples in the 96-hole plate. The prepared 96-hole plate is placed in the chemiluminescence detector.
Experimental results and analysis
Preparation and characterization of the magnetic particles
The magnetic particle synthesis requires two steps: (1) the magnetic Fe 3 O 4 particles and colloidal gold particles should be synthesized respectively and the Fe 3 O 4 particles should be processed with silane reagent to make the surface join -SH group; (2) Fe3O4 particles should be mixed and react with colloidal gold to obtain the gold magnetic particles with the average particle size of 2 ~ 3μm.
Due to the specific absorption peak of 520 nm in the visible region for the colloidal gold particles, the experiments add 15 ~ 20nm colloidal gold particles to the magnetic particles processed by sulfhydryl for complete reaction. The UV spectrophotometer is used to real-time detect the optical absorption of the colloidal gold and the synthesized magnetic particles. The detection results are shown in Fig. 1 . The results illustrate the longer the reaction time, the smaller of the absorption value at 500 nm in the peak figure and the smaller of the colloidal gold particles are. The gold nano-particles are absorbed in the surface of the functional magnetic particles. The dynamic monitor of the 400nm-800nm visible spectrums in the gold magnetic particles formation is shown in Fig. 1. Wavelength /nm Absorption level Fig. 1 The dynamic monitor of 400nm-800nm visible lights absorption spectrums in gold magnetic particles formation process From the absorption spectrum in Fig. 1 , in the different band and the different wavelength, the absorption levels of each sample are different. The curve analysis results of the medicinal microbes' toxicity spectrums can be obtained based on the evaluation of the absorption levels.
The vibrating sample magnetometer is used to measure the hysteresis loops of the synthesized gold particles and Fe 3 O 4 respectively. From the results in Fig. 2 , the gold magnetic particles have superparamagnetic. The saturation magnetization of the magnetic particles is 38 emu/g. Therefore, the magnetic particles may be repeatedly washed and separated in the external magnetic fields. The hysteresis loop of the synthesized magnetic particles is as shown in Fig. 2 .
Hysteresis loop (emu/g) Field (Oe) Fig. 2 The synthesized magnetic particles hysteresis loop 3.2 The immobilization of the magnetic particle surface antibody and the analysis of the luminescent system performance Since the surface of the magnetic particles contain a large amount of colloidal gold particles, the protein molecules can easily attain the antigen on the surface of the gold magnetic particles with the electrostatic interaction, hydrophobic interactions, and sulfhydryl function of the side chain of a cysteine residue. The prior to coated TP antigen solution and the after-coated remaining solution is detected with UV absorption which illustrates the TP antigen solution is coated on the surface of the gold magnetic particles.
The separated samples of the positive medicinal microbes are diluted by 10 times, 100 times, 150 times, 250 times, 500 times and 1000 times according to the previous test procedure in order to the detect the relative fluorescence strength of each positive medicinal microbes separate dilutions. As shown in the Fig. 3 , the positive samples after diluting by 10~1000 times have better linear property and the correlation coefficient is more than 0.999.
Relative absorption value
Times of the positive serum dilution Fig. 3 The standard curve of the magnetic particle chemiluminescent microbiological test for medicinal patient TP antibody
Conclusions
This paper focuses on the toxicity spectral curves analysis issues of the medicinal microbes, which analyzes a method for the medicinal microbes toxicity spectral curves based on the magnetic particle chemiluminescent methods. By detecting the existence and variants of the medicinal microbes toxicity with luminescent principles, the stable detection objects can be formed with magnetic particles reactions to provide with stable chemistry detection performance. The test method is simple, reliable and it has very good practical application value.
